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Objective: To analyze clinical data related to preterm infants and identify risk factors for metabolic bone disease of prematurity (MBDP).



Methods: This study involved 856 newborns with a gestational age of less than 37 weeks or a weight of less than 1,500g at the Second Hospital of Jilin University. Multifactorial analysis was performed using logistic regression models to explore the risk factors for MBDP. Linear regression was used to investigate the factors affecting the time of alkaline phosphatase (ALP) exceedance and the peak value of ALP in the MBDP group.



Results: In the MBDP group, ALP excesses occurred in preterm infants at an average of 39.33 days after birth, and the mean value of peak ALP was 691.41 IU/L. Parenteral nutrition and the application of assisted ventilation were independent risk factors for MBDP, with ORs of 1.02 and 1.03 respectively. Gestational age was found to be a protective factor for earlier time of onset of ALP exceedance (β = 2.24,) and the increase in the peak value of ALP (β = −16.30).



Conclusion: Parenteral nutrition and the application of assisted ventilation are independent risk factors for MBDP. Gestational age is a major factor influencing the time of onset of ALP exceedance and the peak value of ALP in infants with MBDP.
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1 Introduction

With the development of medical technology, the survival rate of preterm infants has been increasing in recent years, and the various complications of preterm infants are gradually receiving more attention. Metabolic bone disease of prematurity (MBDP) is a complication of preterm infants due to disorders in calcium and phosphorus metabolism in the body (1). The main clinical features of MBDP are elevated serum alkaline phosphatase (ALP) levels, hypophosphatemia, and skeletal hypomineralization (2, 3). If MBDP cannot be diagnosed and treated in time, the disease can lead to abnormal bone mineral content, decreased trabecular bone, other skeletal changes, and fractures, it can even lead to short stature and susceptibility to osteoporosis (4, 5).

In recent years, while the survival rate of preterm infants has improved in many developing countries, the recognition and prevention of MBDP in infants is still insufficient and needs urgent attention (6). The basic approach to MBD prevention involves improving calcium and phosphate intake from the first day of life, limiting the use of medications that increase bone resorption or calcium loss, promoting enteral feeding, and early identification of at-risk babies (7). As MBDP is usually asymptomatic in most infants, prevention and early diagnosis are the keys to the successful treatment of MBDP (8). ALP is a marker of bone turnover, and studies have found that ALP levels >500 IU/L were suggestive of impaired bone homeostasis and ALP levels >700 IU/L were associated with bone demineralization, despite the absence of clinical symptoms (9, 10). In addition, studies have shown that ALP levels >500 IU/L in infants were associated with MBDP (11).

MBDP is a multifactorial systemic disease that could be influenced by variety of conditions during intrauterine life and after birth (4). It has been found that preterm infants have lower lumbar spine bone mineral content and bone density than full-term infants of same age (12). The prevalence of MBDP has been estimated to be 23%–32% in low birth weight (<1,500g) infants and 50% in extremely low birth weight (<1,000g) infants (1, 13). Meanwhile, some treatments and interventions for preterm infants may also lead to the development of MBDP. Parenteral nutrition is a common risk factor for MBDP as the risk of calcium and phosphate precipitation limits the amount of these minerals in parenteral nutrition (6, 14). Also, some studies have indicated that patients with MBDP were more frequently associated with mechanical ventilation, chronic lung disease (11). Furthermore, maternal factors during the fetal period such as preeclampsia and intrauterine growth restriction (IUGR) have also been associated with an increased risk of MBDP in infants (2).

The main objective of this study is to identify the clinical risk factors of preterm infants at an early stage, which provides data support and factual basis for the diagnosis of MBDP. The secondary goal of the study is to expect a reduction in the incidence of MBDP or to mitigate the condition of MBDP.



2 Materials and methods


2.1 Study design and participants

This study was a retrospective analysis and was written according to the STROBE guidelines (15). Data were obtained from the Second Hospital of Jilin University, and the study population was 10,367 newborns which were born in the Department of Neonatology of the Second Hospital of Jilin University from November 2017 to December 2022. All surveys were reviewed and approved by the Medical Ethics Committee of the Second Hospital of Jilin University.

We selected newborns who met the following inclusion criteria: newborns with gestational age less than 37 weeks or weight less than 1,500g, and 942 newborns were included in the study. Meanwhile, newborns with no maternal medical record information or no ALP data were excluded. According to the specified inclusion and exclusion criteria, a total of 856 newborns were involved in the analysis.



2.2 Data extraction

Analytical data was extracted from hospital medical records of the Second Hospital of Jilin University. Record the following data: basic information of newborns, including gestational age, sex, birth weight, hospital stay, ALP, C-reactive protein (CRP), procalcitonin (PCT), direct bilirubin (DB), parenteral nutrition duration, assisted ventilation duration, and whether to apply glucocorticoid, sodium glycerophosphate; maternal information, including premature rupture of membranes (PROM), diabetes mellitus, severe preeclampsia, hypertension, history of birth asphyxia, IUGR and abnormal prenatal umbilical blood flow.



2.3 Relevant diagnostic criteria

In this study the research subjects were divided into two groups, ALP >500 IU/L was classified as MBDP group and ALP ≤500 IU/L as non-MBDP group (16). We also counted the time when ALP values started to exceed the standard and the peak value of ALP in the MBDP group. When CRP >5 mg/L or PCT >0.5 ng/ml, the neonate was considered to have an infection (17). DB >34 μmol/L was defined as cholestasis (18).



2.4 Bias

Bias is an unavoidable problem in epidemiological research. In this study, we used two individuals to collate the data individually to reduce the possibility of information bias in the data collection and collation process.



2.5 Statistical analysis

In this study, means and standard standard deviation (SD) were calculated to describe the continue variables. Meanwhile, categorical variables were described by the number of cases and percentage. One-way ANOVA and chi-square test were used for comparisons between groups. A multifactorial analysis was performed using logistic regression models to explore the risk factors for MBDP. Furthermore, linear regression was used to explore the factors influencing the time of onset of ALP exceedance and the peak value of ALP in the MBDP group. A two-sided P value <0.05 was considered a statistically significant difference.




3 Results

A total of 856 participants were included in this study (Figure 1), with gestational age between 23.0 and 36.7 weeks and birth weight between 450 and 2,850g. Among them, there were 295 cases in the MBDP group and 561 cases in the non-MBDP group. Table 1 showed the basic information about the study population, and the general characteristics of the MBDP and non-MBDP groups. Compared with non-MBDP group, the MBDP group had lower gestational age and birth weight, higher parenteral nutrition duration and assisted ventilation duration, as well as longer hospital stay (P < 0.001). Moreover, the MBDP group had higher use of glucocorticoid and sodium glycerophosphate use, and higher proportion of cholestasis than the non-MBDP group (P < 0.001). In the MBDP group, ALP excesses occurred in preterm infants at a mean of 39.33 days after birth and the mean value of peak ALP was 691.41 IU/L.
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FIGURE 1
Flowchart of the sample.



TABLE 1 Basic conditions of the studied preterm infants.
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Table 2 presented the characteristics of the maternal gestation period. As shown in the table, the percentage of hypertension in the MBDP group was lower than that in the non-MBDP group (P < 0.05). The differences in PROM, diabetes mellitus, severe preeclampsia, history of birth asphyxia, IUGR and abnormal prenatal umbilical blood flow were not statistically significant between the MBDP and non-MBDP groups (P > 0.05).


TABLE 2 Characteristics of the maternal gestation period.
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The relevant factors selected from the above univariate analysis were subjected for multivariate logistic regression analysis (Table 3). The results showed that both the parenteral nutrition duration and the assisted ventilation duration were influential factors for MBDP, with ORs of 1.02 (P < 0.001) and 1.03 (P < 0.001), respectively.


TABLE 3 Logistic regression analysis of MBDP influencing factors.
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In addition, we used linear regression models to analyze the factors influencing the time of onset of ALP exceedance in the MBDP group (Table 4). The results of univariate analysis showed that gestational age, birth weight, parenteral nutrition duration, assisted ventilation duration, sodium glycerophosphate and PROM all had a statistically significant effect on the time of onset of ALP exceedance in the MBDP group (P > 0.05). Further multifactorial analyses revealed that for each unit increase in gestational age, the time of onset of ALP exceedance would be 2.24 units later. In addition, an increase in the parenteral nutrition duration (β = 0.32, P < 0.001) and assisted ventilation duration (β = 0.27, P = 0.004) also slightly delayed the time of onset of ALP exceedance.


TABLE 4 Linear regression analysis of factors affecting the time of onset of ALP exceedance in MBDP group.
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Meanwhile, Table 5 showed the analysis of factors affecting the peak value of ALP in the MBDP group. The results of univariate analysis showed that gestational age, birth weight, parenteral nutrition duration, had a statistically significant effect on the peak value of ALP in the MBDP group (P > 0.05). Multifactorial analysis revealed that gestational age was a protective factor for the increase in the peak value of ALP (β = −16.30, P < 0.001).


TABLE 5 Linear regression analysis of factors affecting the peak value of ALP in MBDP group.
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4 Discussion

In this study, we analyzed the correlation between clinical factors and the occurrence of MBDP, and found that the application of parenteral nutrition and assisted ventilation were independent risk factors for MBDP. In addition, gestational age was the main factor influencing the time of onset of ALP exceedance and the peak value of ALP in infants with MBDP, the parenteral nutrition duration and assisted ventilation duration also had a certain effect on the time of onset of ALP exceedance.

It has been reported that MBDP occurs in 16%–40% of extremely low birth weight newborns (4, 11). In our study population, the total prevalence of MBDP in infants with gestational age <37 weeks or birth weight <1,500g was 34.5% (295/856), which was generally consistent with previous reports. During fetal life, bone mineral accretion is maximal in the third trimester, and studies have shown that the fetus will obtain nearly 80% of its calcium and phosphorus reserves in the last 3 months of pregnancy (14, 19). For preterm infants, each day's reduction in gestational age has a huge impact on their bone growth (20). A meta analysis indicates that the smaller the gestational age, the higher the risk of MBDP (21). Although gestational age was not an independent risk factor for MBDP in our study, the results showed that the smaller the gestational age, the earlier the time of onset of ALP exceedance and the higher the peak value of ALP in the MBDP group. Prematurity makes it difficult for newborns to maintain an equivalent mineral intake after birth, thus affecting the process of neonatal bone mineralization (19, 22), it might exacerbate the rate of increase in ALP values. Studies have shown that neonatal serum ALP is 90% of bone origin and the gestational week plays a critical role in ALP activity in preterm and term infants, implicating that preterm infants are in high risk for bone metabolic diseases and have higher ALP values (23).

Our study found that the longer parenteral nutrition duration was a risk factor for MBDP. For physiological reasons, preterm infants often have to use parenteral nutrition after birth, however, parenteral nutrition usually does not contain enough calcium and phosphorus to fully meet the needs of preterm infants for bone mineralization (24). Therefore, preterm infants might need to be supplemented with other nutrients, which could lead to aluminum contamination. One study reported that preterm infants receiving parenteral nutrition for >3 weeks had 10-fold higher levels of bone aluminum than control group (25). Some studies have indicated that aluminum-contaminated parenteral nutrition may also contribute to MBDP (26). Notably, an increase in the parenteral nutrition duration in our study may have slightly delayed the time of onset of ALP exceedance in the MBDP group. It has been suggested that ALP levels are also affected by the timing of the application of parenteral nutrition (27). It suggests that in the future use of parenteral nutrition for preterm infants, we should focus not only on duration, but also on the timing of the start of application as well as other aspects of details. Meanwhile, a Japanese study found that when preterm infants were given a high-phosphorus intake by parenteral nutritional, it guaranteed a high calcium intake, leading to a decrease in ALP levels in the first month (28). We suspect that the greater amount and better absorption of calcium and phosphorus in intravenous nutrition compared to oral supplementation might attenuate or delay the occurrence of MBDP.

Bronchopulmonary dysplasia (BPD) is a common cause of respiratory illness in preterm newborns, and preterm infants with BPD often require more ventilation support (29). And some studies have found that BPD and the duration of noninvasive ventilation were associated with the development of MBDP (7). Similarly, in our study, assisted ventilation was an independent risk factor for MBDP. In preterm infants, the increasing prevalence of BPD, with a concomitant prolonged duration of assisted ventilation (30, 31). Research has demonstrated that newborns require immobilization during assisted ventilation, and the prolonged periods of immobility result in reduced motor stimulation which can potentially lead to bone mineralization defects (32). In our study, prolonged duration of assisted ventilation was associated with delayed time of onset of ALP exceedance in the MBDP group. It has been suggested that the relationship between MBDP and assisted ventilation was probably influenced by exercise, and that passive movement of newborn's limbs could potentially enhance bone mineralization even with the application of assisted ventilation (33). During the application of assisted ventilation, it is recommended to ensure basic activities for newborns without requiring additional exercises (34). On the other hand, longer duration of assisted ventilation usually implies poorer lung function in newborns, and in our study, MBDP appeared later in those newborns. Previous studies have usually considered the relationship between neonatal lung disease and MBDP (7, 30, 35), and have lacked the exploration of the time of onset, the results of this study may provide some reference.

In our univariate analysis, several other factors such as birth weight, glucocorticoids, sodium glycerophosphate, cholestasis, and hypertension were also found to have statistically significant differences between the MBDP and non-MBDP groups. These factors have also been shown to be associated with the development of MBDP in other studies (21, 36–38). Our study comprehensively considered prenatal and postnatal factors in newborns and provides certain theoretical support for future research on the prevention, screening and treatment of MBDP. In this study, preterm birth, parenteral nutrition and assisted ventilation were the most significant risk factors for MBDP, further research is needed to optimize nutritional practices in early life and to better manage the treatment of assisted ventilation, and most importantly to focus on the management of maternal health to prevent prematurity.

Our study also has some limitations. Firstly, our study is a retrospective study, which the reliability of causal conclusions may not be as robust. Secondly, due to the limited number of detection items in the sample, the MBDP judgment criteria were based on ALP values only, and the influencing factors obtained from the results may not be comprehensive. Thirdly, the population surveyed in this study was small and the results cannot yet be extrapolated, and further research is necessary to explore the exact association among them.



5 Conclusions

In conclusion, parenteral nutrition and the application of assisted ventilation are independent risk factors for MBDP; meanwhile, gestational age is a major factor influencing the time of onset of ALP exceedance and the peak value of ALP in infants with MBDP. Therefore, maternal health care should be strengthened to address the corresponding risk factors, reduce preterm delivery, start enteral nutrition as early as possible, and shorten the duration of assisted ventilation in order to reduce the occurrence of MBDP.
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